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Direct measurement enabled us to determine the rela-
tionship of the aneurysm sac pressure (ASP) to the num-
ber of actively bleeding lumbar, median sacral, and inferior
mesenteric arteries. The relationship of ASP to size of
AAA and volume of the intraluminal thrombus was also
assessed.
PATIENTS AND METHODS
ASP measurement was attempted in 27 consecutive
patients undergoing elective AAA resection at St John
Macomb Hospital from April 1999 to August 2000. The
study was approved by the Institutional Review
Committee of the hospital. AAAs measured 5.0 cm or
greater in anteroposterior (AP) or transverse diameter by
means of preoperative CT scan of the abdominal aorta. All
patients underwent preoperative CT scanning of the
abdominal aorta and contrast arteriography. The number
of lumbar arteries outlined by means of the contrast media
used for arteriography was recorded in each patient.
Similarly, the status of the inferior mesenteric artery, when
visualized by means of contrast media, was recorded in
each instance. In addition, 10 patients underwent preop-
erative ultrasound scanning of the abdominal aorta.
In two patients, the ASP could not be measured
because of incomplete clamping of proximal neck of the
aorta in one patient and inadvertent dislodgment of the
needle into the wall of the aneurysm in the second patient.
Of the remaining 25 patients, 14 were men and 11 were
women. The ASP was measured, and the ASP to mean sys-
temic blood pressure ratio was recorded. The mean age of
these patients was 71 years (range, 56-84 years). Nineteen
patients (76%) had associated hypertension, 16 patients
(64%) had coronary artery disease, and one patient (4%)
had diabetes mellitus. After systemic administration of
Earlier attempts to reduce the morbidity and mortal-
ity rates of conventional abdominal aortic aneurysm
(AAA) resection in patients who are at high risk have
included the technique of exclusion of the aneurysm fol-
lowed by axillofemoral graft reconstruction.1-5 However,
this method has been abandoned because of its high inci-
dence of complications, including rupture of the
aneurysm sac.6-10 Exclusion of the AAA by means of a
retroperitoneal approach followed by direct aortoiliac
reconstruction has been recommended as an alternative to
endoaneurysmorrhaphy.11,12 Unfortunately, this method
was found to be associated with persistent flow into the sac
with resultant expansion and rupture of the excluded
aneurysm in some patients.13 Similarly, patent lumbar,
median sacral, and inferior mesenteric arterial flow after
aortic stent grafting can lead to expansion of the excluded
aneurysm sac. This flow is difficult to assess accurately by
means of preoperative arteriography, computed tomogra-
phy (CT) angiography, or duplex scanning of the abdom-
inal aorta. In this study, we adopted a direct approach to
evaluate the collateral flow into the excluded aneurysm sac
by using intraoperative measurement of aneurysm sac
pressure during open AAA resection after proximal aortic
neck and distal iliac artery clamping.
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Pressure measurements in closed aneurysmal sac
during abdominal aortic aneurysm resection
Sachinder Singh Hans, MD,a,b Olan Jareunpoon, MD,a and Raywin R. Huang, PhD,c Warren, Mich
Purpose: This study determined the relationship between closed aneurysmal sac pressure (ASP) and mean blood pres-
sure (BP) during open abdominal aortic aneurysm (AAA) resection and evaluated the contribution of inferior mesen-
teric and lumbar artery blood flow to ASP after proximal and distal clamping.
Methods: We measured ASP after proximal and distal clamping by placing an 18-gauge needle connected to a BP trans-
ducer into the excluded aneurysmal sac in 25 consecutive patients from April 1999 to August 2000. Simultaneous mea-
surement of the mean systemic BP was also recorded. The ratio of ASP to mean BP in relation to the number of actively
bleeding lumbar arteries (N-LA), diameter of the AAA (D-Cm), and volume of the thrombus in the AAA (Vol-TA)
were recorded.
Results: The mean ASP was 43.32 ± 15.19 mm Hg, with an ASP to mean BP ratio of 0.47 ± 0.15. The N-LA in the
closed aneurysmal sac ranged from 0 to 6 (mean, 3.4 ± 1.78). The D-Cm as determined by means of computed tomog-
raphy (CT) scan of the aorta ranged from 5 to 8 cm in its largest anteroposterior/transverse diameter. The average Vol-
TA was 6.15 ± 4.49 mL. Inferior mesenteric artery blood flow contributed to ASP in three patients (12%). There was
no correlation between ASP to mean BP ratios and the N-LA (P = .127), D-Cm (P = .882), or Vol-TA (P = .252).
Conclusion: Closed ASP and ASP ratios are highly variable and do not correlate with N-LA, D-Cm, or the Vol-TA.
(J Vasc Surg 2001;34:519-25.)
heparin, proximal clamping of the neck of the aorta and
distal clamping of the iliac arteries were performed. The
inferior mesenteric artery was mobilized, and a double
Silastic loop (Dow Corning Corp, Midland, Mich) was
applied. An 18-gauge needle was inserted into the lumen
of the excluded aneurysm. When free flow of blood was
encountered from the excluded aneurysm, the needle was
connected to high-pressure tubing connected to a blood
pressure transducer. The tubing was thoroughly flushed
with saline solution under high pressure so that no air
bubbles were present in the system. The ASP was recorded
after a few seconds of equilibration. The mean pressure
was recorded because the difference between systolic and
diastolic pressure was very small (usually < 3-4 mm Hg).
Simultaneously, the systemic blood pressure was moni-
tored continuously by means of an intra-arterial catheter
in the radial artery. The contribution of the inferior
mesenteric artery flow to the ASP was recorded by tight-
ening the Silastic loop around the inferior mesenteric
artery, and any decrease in the ASP was then recorded.
The largest AP or transverse diameter of the AAA, as mea-
sured by means of the preoperative CT scan, was used for
the purposes of recording the size of the aneurysm.
The volume of the intraluminal thrombus was mea-
sured by means of the preoperative CT scan of the abdom-
inal aorta, with standard 7- to 10-mm collimation from
the diaphragm to the aortic bifurcation. In most patients,
the aneurysm was elliptical rather than circular, so the AP
or transverse diameters were not equivalent. The AP and
transverse diameter of the true lumen outlined by means
of contrast enhancement was also measured. Depending
on the length of the aneurysm, eight to 10 such measure-
ments were recorded. The volume of the intraluminal
thrombus was calculated by this formula:
Area of ellipse = pi × (minor diameter) × (major diameter)/4
Volume = area × length of the ring
Volume of the thrombus per disk = volume of outer disk –
volume of inner disk
Average volume per disk = sum of volumes of each 
disk/number of disks 
in which the outer disk is the outline of the wall of aneurysm
and the inner disk is the outline of true lumen of aneurysm.
Descriptive statistical indices such as mean, standard,
deviation, maximum, and minimum were used as a means
of presenting the central tendency and variability for each
of the pressure measurements. The Pearson correlation
was used as a means of indicating the relationship between
outcome measure and various pressure measurements, and
simple linear regression was used as a means of determin-
ing the predictability of changes in ASP measurements.
SPSS software version X (1979, Chicago, Ill) was used for
analysis. The statistical significance was selected to be a P
value equal to or less than .05.
RESULTS
Summary statistics of research variables are listed in
Table I. The mean ASP was 43.32 ± 15.19 mm Hg. The
mean systemic blood pressure measured simultaneously
was 92.92 ± 16.44 mm Hg. The ASP to mean systemic
blood pressure ratio was equal to 0.47 ± 0.15 mm Hg.
Lumbar, median sacral, and inferior mesenteric arteries
contributed to the ASP. The contribution of actively
bleeding lumbar arteries and the median sacral artery
was recorded after the aneurysm was opened after prox-
imal and distal clamping. For purposes of analysis, the
median sacral artery was considered to be a lumbar
artery.
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Fig 1. Relationship between visualization of lumbar arteries by means of preoperative arteriography and
number of bleeding lumbar arteries.
Lumbar arteries.There was no correlation between the
visualization of lumbar arteries by means of preoperative
arteriography and the number of actively bleeding lumbar
arteries after the closed aneurysmal sac was opened during
AAA resection (r = 0.287; P = .164; Fig 1). The number of
actively bleeding lumbar arteries in the closed aneurysmal
sac ranged from 0 to 6 (mean, 3.4 ± 1.78; Fig 2). In one
patient, no bleeding lumbar arteries were encountered. The
ASP was very low (12 mm Hg). This patient was excluded
from analysis. Therefore, only 24 patients were considered
for statistical analysis. The number of actively bleeding lum-
bar arteries was not associated with an increase in the ASP
ratio (r = 0.02; P = .127; Fig 2; Table II).
Inferior mesenteric artery. The inferior mesenteric
artery (IMA) was visualized by means of preoperative arte-
riography in six of 35 patients. IMA clamping resulted in
a decrease of ASP in three patients (12%), with a marked
decrease in one patient and smaller decreases in two
patients (Table III). On opening the closed aneurysmal
sac, the IMA was found to be patent in 12 patients. In
nine patients with patent IMAs (detected at the time of
operation), there was no change in the ASP ratio after
occlusion of the IMA. There was no increase in ASP with
occlusion of the IMA.
Accessory renal arteries. In two patients, accessory
renal arteries originated from the closed aneurysmal sac
but had minimal retrograde flow.
The size of AAAs as determined by means of CT scans
ranged from 5.0 to 8.0 cm. The size of the AAA did not
have a positive correlation with the ASP (Fig 3). The aver-
age volume of thrombus per disk in an AAA was 6.15 ±
4.49 mL. There was no relationship between the volume
of thrombus per disk and the ASP (Fig 4).
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The relationship between ASP, the number of actively
bleeding lumbar arteries, the average volume of thrombus
in each disk, and the size of the AAA is depicted in Table II.
DISCUSSION
Traditionally, AAAs have been resected and replaced
with a prosthetic graft, either by means of the transab-
dominal or retroperitoneal approach. The mortality rate
for elective AAA resection has decreased in the last four
decades. However, significant morbidity remains because
of postoperative respiratory failure, cardiac and renal com-
plications, adynamic ileus, and sequestration of fluid into
the third space.14 Earlier attempts at AAA repair in
patients with significant comorbidities have included non-
resective treatment of AAA by means of exclusion fol-
lowed by axillofemoral grafting.1-5 However, this
technique has been associated with significant morbidity,
and in some patients, there was rupture of the excluded
aneurysm sac.6-10 Shah et al11 in 1991 and Paty et al12 in
1997 reported excellent results by using the retroperi-
toneal approach for exclusion of AAAs and direct aortoil-
iac reconstruction. However, Darling et al13 from the
same institution reported 48 of 1218 patients had persis-
tent flow into the aneurysm sac as shown by means of
duplex scanning after aneurysm ligation. Twenty-seven
patients underwent surgical intervention, and seven of
these procedures were performed for rupture of the
excluded aneurysm sac.13
Recently, there has been great interest in the use of aor-
tic endograft for repair of AAAs.15,19 However, despite suc-
cessful implantation of the endograft, device failure and new
endoleaks can lead to pulsatile flow into the aneurysm sac
with resultant expansion and rupture of the aneurysm.20-24
Fig 2. Relationship between number of bleeding lumbar arteries and ASP ratio.
Type II endoleaks are second in incidence to attachment
site leakage (type I endoleak).25-28 Type II endoleaks are
caused by persistent flow into the excluded aneurysm sac by
patent branch vessels. There is a wide range of reported
incidence of endoleaks, depending on the method used to
detect endoleaks (CT scan or angiography) and the timing
of the study. Matsumura and Moore25 reported a 47% inci-
dence of endoleaks in 59 patients undergoing aortic endo-
grafting.
Chuter et al26 reported a 10.3% incidence of endoleaks
in 106 high-risk patients undergoing aortic endografts as
detected by means of CT scans. By using careful cine
mode viewing of axial CT scans, Broeders et al29 reported
major endoleaks in five (18%) and minor endoleaks in
eight (27%) of 30 patients. Schurink and VanBockel30
reported 270 endoleaks (24%) in 1118 aortic endografts
in a meta-analysis. Proximal attachment endoleaks were
present in 24%, distal attachment endoleaks were present
in 36%, and side branch endoleaks were present in 18%.
Spontaneous thrombosis was seen in 21% of endoleaks. In
many patients with endoleaks, aneurysms grew or failed to
shrink.30 Blum et al16 from the Eurostar Registry reported
250 endoleaks in 1554 patients undergoing completion
arteriography (43% were type I and 7% were type II).
However, only 149 (10%) of 1554 patients had endoleaks
at the end of 1 month.28
In our study, we did not find a positive correlation
between the ASP and the number of actively bleeding
lumbar arteries. In three patients, the IMA contributed to
the ASP, but in only one patient was there marked
decrease in the ASP after the occlusion of the IMA. The
role of preoperative embolization of the lumbar arteries or
IMA in decreasing the incidence of type II endoleaks has
not been established.31-32 Walker et al31 examined patients
with preoperative arteriography and CT scans performed
by a “blinded” radiologist. The number and size of the
patent side branches were correlated with the incidence of
lumbar arteries or IMA leak detected by means of follow-
up CT scans. Patent lumbar arteries and IMA were not
predictive of a subsequent endoleak. Broeders et al29 did
not find a correlation between postoperative endoleaks
and the number of preoperative side branches detected by
means of cine mode viewing of axial CT angiography in 30
patients with aortic endografts. We did not find any cor-
relation between the visualization of lumbar arteries by
means of preoperative arteriography and the number of
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Table I. Summary statistics of research variables
Valid N Mean SD Maximum Minimum
Mean blood pressure (mm Hg) 25 92.92 16.44 126 60
ASP (mm Hg) 25 43.32 15.19 78 12
Sac pressure/mean blood pressure 25 0.47 0.15 0.76 0.12
No. of lumbar arteries 25 3.4 1.78 6 0
Size of AAA (cm) 25 5.92 0.79 8 5
Average volume of thrombus (mL) 25 6.15 4.49 17.6 0.2
Fig 3. Relationship between size of AAA and ASP ratio.
actively bleeding lumbar arteries after the closed aneurysm
sac was opened during AAA resection. This may be
because of the difficulty in evaluating flow pattern (ante-
grade or retrograde) with preoperative arteriography.
The late appearance of type II endoleaks is caused by
the establishment of collateral flow resulting in retrograde
perfusion into the aneurysm sac. Marty et al33 observed
that despite immediate exclusion of lumbar arteries after
placement of aortic endografts in pigs, there was perfusion
of lumbar arteries with collateral flow that was caused by the
shortening of the self-expandable aortic stent graft device.
Walker et al34 obtained an aneurysmogram before
deploying the iliac occluder after placement of an aor-
tomonoiliac graft. If patent aortic side branches were
detected, an absorbable gelatin sponge was inserted into
the aneurysm sac. They did not find any side branch
endoleak with subsequent CT scans in 68 patients. Baum
et al35 measured ASP in 21 patients by using various inter-
ventional techniques. Sac pressure in patients with
endoleaks was found to be near systemic blood pressure in
most patients (17 of 21).
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The role of thrombus in relation to the risk of rupture
of AAAs has not been clearly delineated. Satta et al36 and
Wolf et al37 demonstrated that an increased AAA throm-
bus load was associated with a higher likelihood of expan-
sion and rupture of AAA. However, Faggioli et al38 found
no correlation between thickness of the endoluminal
thrombus and rupture of the AAA. Schurink et al39 mea-
sured pressure within the thrombus during open opera-
tions for AAA and concluded that thrombus does not
reduce pressure near the aneurysmal wall and, conse-
Table II. Relationships between ASP ratio and the number of actively bleeding lumbar arteries, average volume of
thrombus, and size of AAA
No. of actively bleeding
Statistic parameter lumbar arteries Thrombus AAA Size of AAA
N 24 25 25
Correlation coefficient* 0.32 –0.238 –0.031
Regression coefficient (SE)† 0.02 (0.016) –0.008 (0.007) –0.005 (0.039)
P value‡ .127 .252 .882
*Pearson correlation.
†Regression coefficient indicates independently the magnitude of variable’s prediction.
‡P value of regression coefficient.
Fig 4. Relationship between the volume of thrombus and ASP ratio.
Table III. Contribution of IMA to ASP ratio in three
patients
ASP ratio before ASP ratio after
IMA occlusion IMA occlusion
Patient 1 0.76 0.21
Patient 2 0.35 0.31
Patient 3 0.26 0.20
quently, will not reduce the risk of rupture. Our study
demonstrated no relationship between the volume of the
thrombus and ASP.
Schurink et al40 in an ex vivo model of aneurysm man-
aged by means of a tube graft showed that even a small
endoleak causes pressure greater than diastolic in the
aneurysm sac. Because small endoleaks are usually not visi-
ble by means of digital subtraction angiography or CT
angiography, the authors stressed the importance of pressure
measurements in the aneurysm sac, although such measure-
ments are currently not possible with noninvasive means.36
Chuter et al41 measured pressure in the excluded
aneurysm after placement of aortouniiliac grafts in eight
patients. The mean pressure in the aneurysm was 34.7 mm
Hg, compared with 43.32 mm Hg in our series. However,
their results do not represent true ASP, because the con-
tralateral common iliac artery was still patent with collat-
eral flow from the internal iliac artery with pelvic arteries
contributing to ASP. Measurements of the ASP in our
study may not be equivalent to the aneurysm sac in which
an aortic stent graft has been placed because residual pres-
sure within the aneurysm sac may change with time. ASP
may increase as flow through the side branches may
increase or flow may decrease as side branches may throm-
bose. However, from our study it is apparent that (1) sig-
nificant residual pressure exists in the aneurysm sac after
proximal and distal clamping; (2) the number of actively
bleeding lumbar arteries is not positively associated with
ASP; (3) there is no correlation between ASP and volume
of thrombus in AAA; and (4) there is no correlation
between ASP and size (maximal diameter) of AAA.
Further studies on the determination of ASP by non-
invasive means may be beneficial in patients with aortic
endografts. Schurink et al have proposed inserting micro-
pressure sensors between the aneurysmal wall and stent
graft during the initial procedure and a wireless pressure
readout during the follow-up period. Elevated sac pressure
often signifies collateral flow into the excluded sac.
Appropriate diagnostic and therapeutic efforts directed
toward elevated ASP may prevent enlargement and rup-
ture of the aneurysm sac.
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